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(54) Method of manufacturing microstructure, method of manufacturing liquid discharge head, 
and liquid discharge head 



(57) A liquid discharge head which is Inexpensive, 
accurate, and highly reliable, and a method of manufac- 
turing such a liquid discharge head are provided. On a 
substrate, a thermal crosslinking positive photosensitive 
material layer (a first positive photosensitive material 
layer) and a second positive photosensitive material lay- 
er are formed. First a pattern is formed on the second 
positive photosensitive material layer, tlien another pat- 
tern is formed on the first positive photosensitive mate- 
rial layer. Next, a negative resin for fomiing a liquid dian- 
nel wall is laminated on the patterned first and second 



positive phoiosensitive material layers. A discharge port 
is formed in the negative resin layer and ihon the posi 
live photosensitive material layers are removed. At this 
lime, the first positive photosensitive material layer is an 
ionizing radiation decompositive positive resist com- 
posed of a methactylic copolymer composite mainly 
containing methacrylic acid where a metacrylic acid unit 
is 2 to 30 wl% and molecular weight is 5,000 to 50,000, 
and the second positive photosensitive material layer is 
an ionizing radiation decompositive positive resist main- 
ly containing polymethyl isopropenyl ketone. 
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Description 

BACKGROUND OF THE INVENTION 
Field ot the Invention 

[0001] The present invenlion relates to a method of 
manufacturing a liquid discharge head (or generating 
droplets of a recording liquid used in an ink-jet recording 
syslem and a liquid discharge head obtained by this 
method. More particularly, the present invention relates 
to a shape of an ink channel which provides stable dis- 
charge of minute droplets (or enabling high image qual- 
ity and achieves high speed recording, and to a method 
of manufacturing a head. 

[0002] Furthermore, the present Invenlion relates to 
an ink-jet head whose ink discharge property is in> 
proved in accordance with the nnethod of manufacturing 
the ink-jet head. 

Description of the Related Art 

[0003] A liquid discharge head applied to an ink-jet 
recording method (liquid discharge recording method) 
in which recording is performed by discharging a record- 
ing liquid such as ink is generally provided with liquid 
channels, liquid discharge energy generating parts 
which are arranged in a pan of each liquid channel, and 
fine recording liquid discharge ports (hereinafter re- 
ferred to as "orifices") for discharging the liquid in the 
liquid channel by thermal energy of the liquid discharge 
energy generating parts. As conventional methods of 
manufacturing such a liquid discharge recording head 
as the above, there have been known a manufacturing 
method including steps of forming through holes for ink 
supply on an element substrate having thereon heaters 
generating thermal energy for discharging a liquid, driv- 
er circuits driving these heaters, or the like, followed by 
perfomiing patterning to form walls of an ink channel us- 
ing a photosensitive negative resist, and subsequently 
joining the patterned substrate to a plate on which is 
formed ink discharge ports by electroforming or excimer 
laser machining (e.g., U.S. Patent No. 6,179,413, or the 
like), and also a manufacturing method including steps 
of preparing an element substrate fon^ied In the same 
manner as in the above method, and machining a resirt 
film (polyimide is preferably used in general) coaled with 
an adhesive layer to form an ink channel and ink dis- 
charge ports by excimer laser and subsequently joining 
the machined liquid channel structure plate to the ele- 
ment substrate through thermo-compression bonding 
(G.g., U.S. Patent No. 6,158. 843, or the like). 
[0004] In the ink-jet head manufactured according to 
these methods, a distance between the heater and the 
discharge port which exerts an influence on an dis- 
charge amount must be as short as possible in order to 
enable the discharge of minute droplets for achieving 
high image quality recording. Therefore, there is a need 



to lower a height of the inkchannel, or lo reduce the si;?e 
of a discharge chamber which is a part of the ink channel 
and is a bubble production chamber adjacent to the liq- 
uid discharge energy generating part, or also to reduce 

s the size of the discharge port. That is, in order to enable 
the discharge of minute droplets by the head manufac- 
tured according to those methods, it is required lo make 
the liquid channel structure laminated on a substrate 
thinner However, there is extreme difficulty in precisely 

10 machining such a thin liquid channel structure plate and 
joining thereto a substrate. 

[0005] In order to solve problems residing in those 
methods, Japanese Patent Publication No. 6-45242 dis- 
closes a method of manufacturing an ink-jet head, in- 

»5 eluding steps of patterning a mold of an ink channel us- 
ing a photosensitive material on a substrate on which is 
formed liquid discharge energy generating elements, 
coating a coaling resin layer on the substrate so as to 
cover the mold pattern, forming ink discharge ports to 
so be communicated with the mold of the ink channel on 
the coating resin layer, thereafter removing the photo- 
sensitive material used to form the mold (hereinafter ab- 
breviated as "casting"). As the photosensitive material 
used in this method of manufacturing the head, a posi- 
es five type resist is used in temis of removability. Accord- 
ing to this method, application of a photolithography 
technique in a semiconductor process allows highly pre- 
cise and fine machining in fonning discharge ports and 
the like. This method adopting such a method of manu- 

30 facturing semiconductors, however basically limits var- 
iations of a shape in the vicinity of the ink channel and 
discharge ports lo those only in a two-dimensional di- 
rection parallel to an element substrate. This means that 
the use of the photosensitive material for the mold of the 

35 ink channel and discharge ports is made impossible to 
form a partially mullilayered photosensitive material lay- 
er, so that a desired pattern having differences in a 
height direction of the mold of the ink channel and the 
like may not be obtained (the shape in a height direction 

<o from the element substrate Is uniformly restricted). This 
may result in a problem when designing ink channels 
for attaining high speed, stable discharge. 
[0006] Japanese Patent Application Laid-Open No. 
10-291317 discloses that, in excimer laser machining 

45 fora liquidchannel structure, by partially changing opac- 
ity of a laser mask and controlling a machining depth in 
a resin dim, variations in shape of an ink cliannel are 
realized in a three-dimensional direction which includes 
an in-plane direction parallel to an element substrate 

so and a height direction from the element substrate. The 
depth direction can thus basically be controlled by laser 
machining, however, the excimer laser used in those 
machining is different from that used in an exposing 
process of semiconductors and requires a high lumi- 

53 nance laser over a wide range, therefore it is extremely 
difficult to suppress dispersion in illuminance within a 
laser irradiated surface and to realize stable laser illu- 
minance. Particularly in an ink-jet head offering a high 
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quality imnge, non-uniform discharge properties due to 
variations in a machining shape among respective dis- 
charge nozzles are recognized as unevenness in a 
printed image, it is therefore highly required to realize 
Ihe enhancement of machining accuracy. 
[0007] Moreover, there is often the case that minute 
patterns cannot be fomned due to tapers on a lasGr ma- 
chining surface. 

[0008] I n Japanese Patent Application La id-Open No. 
4-21 6952, disclosed is a method of Forming a first layer 
of negative resist on a substrate and thereafter fomning 

a latent image of a desired pattern, coating a second 
layer of negative resist on the first layer and thereafter 
forming a latent image of a desired pattern only on the 
second layer, and in the end developing pattern latent 
images for each upper and lower layer, wherein these 
two layers of upper and lower negative resists have mu- 
tually ditforent photosensitive wavelength ranges such 
that both upper and lower negative resists are sensitive 
to ultraviolet (UV), or that the negative upper resist is 
sensitive to ultraviolet (UV) and the negative lower resist 
is sensitive to an ionizing radiation including Deep UV, 
electron rays, X rays, or the like. According to this meth- 
od, by using two layers of upper and lower negative re- 
sists having mutually different photosensitive wave- 
iengtti ranges, pattern latent images can be formed, 
which have a difference in those shapes not only in a 
direction parallel to a substrate and also in a height di- 
rection from Ihe substrate. 

[0009] The inventor et al. of the present invention 
have earnestly studied to apply the technique disclosed 
in Japanese Patent Application Laid-Open No. 

4-21 6952 to the above described casting. That is, it has 
been expected that the application of the technique dis- 
closed therein to the formation of a mold for ink channels 
according to casting allows local changes in a height of 
a positive resist used as the mold of ink channels and 
the nice. 

[001 0] An attempt has actually been made such that, 
as a photoresist removable by dissolving and sensitive 
to ultraviolet (UV) as described in Japanese Patent Ap- 
plication Laid-Open No. 4-216952, an alkaline develop- 
ing positive photoresist composed of a mixture of an al- 
kali-soluble resin (novolak resin or polyvinylphenol) and 
a naphthoquinone diazide derivative Is used, and as a 
photoresist sensitive to an Ionizing radiation , poly methyl 
isopropenyl ketone (PMIPK) is used, so as to form a 
mold having upper and lower patterns mutually different 
relative to asubslrate. However, the alkaline developing 
positive photoresist is immediately dissolved in a devel- 
oping solution for PMIPK, so that different patterns for 
two layers fail to be formed. 

[O01 1] Therefore, another attempt has been made to 

discover a preferable combination of upper and lower 
layers of positive photosensitive materials capable of 
forming a mold pattern having a difference of shapes in 
a height direction relative to a substrate according to 
casting. 



[0012] The present invention is designed in consider- 
ation of the above-mentioned various prcblems and an 
object thereof is to provide a liquid discharge head which 
is inexpensive, precise, and highly reliable, and a mcih- 

5 od of manufacturing the liquid discharge head. 

[0013] The present invention relates more particularly 
to an ink channel shape which allows refilling of ink while 
rapidly suppressing meniscus oscillation by suitably ad- 
justing a three-dimensional shape of an ink channel, and 

10 a method of manufacturing a liquid discharge head pro- 
vided therewith. 

[0014] Another object of the present invention is to 
provide a novel method of manufacturing a liquid dis- 
charge head, capable of producing a liquid discharge 
'5 head having a slaicture in which a liquid channel is 
formed precisely and accurately, and machined finely in 
excellent yield. 

[0015] Still another object of the present Invention is 

lo provide a novel method of manufacluring a liquid dis- 
charge head, capable of producing a liquid discharge 
head with less mutual effect to a recording liquid which 
is excellent in mechanical strength as well as in chemi- 
cal tolerance. 



[0016] The present invention is characterized in that 
a manufacturing method by which a liquid channel of a 
three-dimensional shape is highly accurately formed is 

30 realized, and that an excellent liquid channel shape re- 
alized by such a method is discovered. 
[0017] The first invention proposes a method of man- 
ufacturing a microstructure which includes a step of 
forming a thermally crosslinked positive photosensitive 

35 material layer (first positive photosensitive material lay- 
er) on a substrate, a step of forming on the first positive 
photosensitive material layer a second positive photo- 
sensitive material layer different from the first positive 
photosensitive material layer in a photosensitive wave- 

'10 length range, a step of firstly forming a pattern on the 
second positive photosensitive material layer by decom- 
posing and then developing only a desired area in the 
second positive photosensitive material layer, and a 
step of secondly forming a pattern different from that 

'IS formed on the second positive photosensitive material 
layer on the first positive photosensitive material layer 
by decomposing and Ihen developing a predetermined 
area in the first positive photosensitive material layer, 
the method which is characterized in thai the first posi- 

50 tive photosensitive material layer is an ionizing radiation 
decompositlve positive resist composed of a methacryl- 
ic copolymer composite mainly containing a methacr- 
ylate and also containing methacrylic acid as a thermal 
crosslinking factor where a methacrylic acid unit is 2 to 

55 30 virt% and copolymer molecular weigtit is 5,000 to 
50,000, and the second positive photosensitive material 
layer is an ionizing radiation decompositive positive re- 
sist which mainly contains polymethyl isopropenyl ke- 
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lone. 

[0018] The second invenlion provides a method of 
manufacluring a liquid discharge head which includes a 
step ol lorming a mold pattern by a rcmovat)le resin in 
a liquid channel (orming portion on a substrate on which 
is formed a liquid discharge energy generating clement, 
and a step of coating and then curing a coating resin 
layer on the substrate so as to coal the mold pattern to 
form a liquid channel by dissolving away the mold pat- 
tern, the method which is characterized In that the step 
of forming the mold pattern successively comprises a 
step ol forming on the substrate a positive photosensi- 
tive material layer (first posilive photosensitive material 
layer) thermally crosslinked by means of a thermal 
crosslinking reaction, a step ol lorming on the liist pos- 
itive photosensitive material layer a second positive 
photosensitive material layer different from the lirst pos- 
itive photosensitive in a photosensitive wavelength 
range, a step ol lorming a desired paLlern on the second 
positive pliolosensitive material layer by decomposing 
and then developing only a desired pattern on the sec- 
ond posilive photosensitive material layer by means ol 
an ionizing radiation for exposing the second positive 
photosensitive material layer onto the substrate on 
v/hich two layers of the positive photosensitive material 
layers are formed, and a step of forming another desired 
pattern on the first positive photosensitive material layer 
by decomposing and then developing a predetermined 
area on the first positive photosensitive material layer 
by means of an ionizing radiation for exposing the first 
positive photosensitive material layer onto the substrate 
on v^hich the desired paltern is formed on the second 
positive photosensitive material layer, and that the first 
positive photosensitive material layer is an ionizing ra- 
diation decompositivo positive resist composed of a 
methacrylic copolymer composite mainly containing a 
methacrylate and also containing methacrylic acid as a 
thermal crosslinking faclorwhere a methacrylic acid unit 
is 2 to 30 virt% and copolymer molecular weight is 5,000 
to 50,000, and that the second positive photosensitive 
material layer is an ionizing radiation decompositive 
positive resist which mainly contains polymethyl isopro- 
penyl ketone. 

[0019] In the first and second inventions, it is prefer- 
able that the lower layer of the positive photosensitive 
material layer Is the ionizing radiation decompositive 

positive resist mainly conlaining a methacrylate and is 
two-element copolymer material including methacrylic 
acid as athermal crosslinking factor, and the upper layer 
of the positive photosensitive material layer is the ioniz- 
ing radiation decompositive positive resist mainly con- 
taining polymethyl isopropenyl ketone. 
[0020] Furthermore, the present invention includes a 
liquid discharge head manufactured by the method of 
manufacturing the liquid discharge head as described 
above. 

[0021 1 Moteover. the liquid discharge head manufac- 
tured according to the method ol the present invention 



as described above is preferably constituted so that a 
columnar member for trapping dust is formed of a ma- 
terial composing the liquid channel in the middle ol the 
liquid channel, and nnore preferably, the columnar mem- 

s bet does not reach the substrate. Furthermore, the liquid 
discharge head manufactured according to the method 
of the preseni invention as described above is prefera- 
bly constituted so that a liquid supply port commonly 
connected to each of the liquid channels are formed in 

'0 the substrate, and that a height of the liquid channel in 
a center portion of the liquid supply port is lower than 
that of the liquid channel in an opening edge portion of 
the liquid supply port. 

[0022] Also the liquid discharge head manufactured 
IS according to the method of the present invention as de- 
scribed above is preferably constituted so that a sec- 
tional shape of a bubble generating chamber provided 
above a liquid discharge energy generating element has 
a protruded form. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

ss FIGS. 1 A, 1 B. 1C, 1 D. 1 E, 1 F, and 1 G are diagrams 
showing a basic process flow in a manufacturing 
method according to the present invention; 
FIGS 2A. 2B, 2C, and 20 are diagrams showing a 
continuation of the process in FIGS. 1 A, 1B, 1C, 1D, 

30 lE,1Fand1G; 

FIG. 3 is a schematic diagram of an optical system 
of a general-purpose exposure device and Is a dia- 
gram showing reflecting spectrums of two types of 
cold mirrors; 

35 FIG. 4 is a diagram showing correlation between 
wavelength and illumination of exposure device 
(UX 3000SC) using a cutoff filter; 
FIG. 5 is a diagram showing correlation between 
wavelength and illumination of exposure device 

40 (UX-3000SC) without the cutoff filter; 

FIGS. 6A and 6B are a longitudinal sectional view 
showing a structure of a nozzle in an ink-jet head 
whose recording speed is improved according to 
the manufacturing method ol the present invention, 

ts and a longitudinal sectional view showing a struc- 
ture of a nozzle In an ink-jet head manufactured ac- 
cording to a conventional manufacturing method, 
respectively; 

FIGS. 7A and 7B are a longitudinal sectional view 
50 of an ink-jet head having an improved shape of a 
nozzle filter according to the manufacturing method 
of the present invention, and a longitudinal sectional 
view of an ink-jet head having a conventional shape 
of a nozzle filter, respectively: 
55 FIGS. 8A and 8B are a longitudinal sectional view 
showing a structure of a nozzle in an ink-jet head 
whose strength is enhanced according to the man- 
ufacturing method of the present invention, and a 



5 



BNSDOCID: <EP 13B0422A1J„> 



7 EP 1 380 

longitudinal sectional view showing a structure of a 
nozzle for comparison to a head shown above in 
FIG. 8A, respectively: 

FIGS. 9A and 9B are a longitudinal sectional view 
showing a structure of a nozzle in an ink-Jet head s 
v/hose discharge chamber is improved according to 
the manufacturing method of the present invention, 
and a longitudinal sectional view showing a struc- 
ture of a nozzle for comparison to a head shown 
above in FIG. 9A, respectively; '0 
FIG. 10 is a schematic perspective view illustrating 
a manufacturing method according to one embodi- 
ment of ihe present invention; 
FIG. 11 is a schematic perspective view illustrating 
a process subsequent to Ihe manufacturing state 
shown in FIG. 10; 

FIG. 12 Is a schematic perspective view illustrating 
a process subsequent to the manufacturing state 

shown in FIG, 11; 

FIG. 13 is a schematic perspective view illustrating 20 
a process subsequent to the manufacturing state 
shown in FIG. 12; 

FIG. 14 is a schematic perspective view illustrating 
a process subsequent to the manufacturing state 
shown In FIG. 13; ?5 
FIG. 15 is a schematic perspective view illustrating 
a process subsequent to the manufacturing state 
shown in FIG 14; 

FIG. 16 is a schematic perspective view Illustrating 
a process subsequent to the manufacturing state 30 
shown in FIG. 15; 

FIG. 1 7 is a schematic perspective view illustrating 
a process subsequent to the manufacturing state 

shown in FIG. 16; 

FIG. 16 is a schematic longitudinal sectional view 35 
illustrating a process subsequent to the manufac- 
turing state shown in FIG. 17; 
FIG. 1 9 is a schematic perspective view showing an 
ink-jet head unit implemented with an ink discharge 
element obtained by the manufacturing method 
shown in FIGS. 10 to 18; 

FIGS. 20A and 20B are diagrams showing struc- 
tures of nozzles in heads manufactured to compare 
ref iirmg capabilities between a conventional manu- 
facturing method and the manufacturing method of is 
the present invention; 

FIGS. 21 A and 21 B are diagrams showing struc- 
tures of nozzles in heads manufactured to compare 
discharge properties between a conventional man- 
ufacturing method and the manufacturing method ^ 
of the present invention; and 
FIGS. 22A and 228 are diagrams showing absorp- 
tion spectrums of a positive resist employed in the 
present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0024] The present invention will be described in fur- 
ther detail below. 

[0025] A manufacturing process of a liquid discharge 
head according to the present invention has advantages 
such that one of important factors exerting an Influence 
on an llquki discharge head property, which is a distance 
between a discharge energy generating element (for ex- 
ample, a heater) and an orifice (discharge port), and po- 
sition accuracy of the element and the center of the or- 
ifice, may easily be set. That is, according to the present 
invention, by controlling coating thickness of a photo- 
sensitive material layer to be coated twice, the distance 
between the discharge energy generating element and 
the orifice may be set, and the coaling thickness of the 
photosensitive material layer may strictly controlled in 
excellent reproducibilily by a thin film coaling technique 
conventionally applied. Also, positioning of the dis- 
charge energy generating element and the orifice may 
be performed optically by a photolithography technique, 
which thus provides highly accurate positioning as com- 
pared with a conventional method of joining a substrate 
to a liquid channel structure plate used to manufacture 
a liquid discharge recording head. 
[0026] As a soluble resist layer, polymethyl isoprope- 
nyl ketone (PMIPK), polyvinyl ketone, or the like is 
known. Each of these positive resists has an absorbing 
ability that reaches a peak near the wavelength of 290 
nm. and by combining these resists with another resist 
having a different photosensitive wavelength range, an 
Ink channel mold of two layer-structure may be formed. 
[0027] The manufacturing method of the present in- 
vention is characterized by forming a mold of the ink 
channel using a soluble resin, coating the mold with a 
resin which serves as a channel member, and then re- 
moving the mold material by dissolving it in the end. 
Therefore, the mold material applicable in this manufac- 
turing method must be removable by dissolving in the 
end. A soluble resist used to form a pattern and to be 
dissolved after patterning includes two types of resists 
which are alkaline developing positive photoresist com- 
posed of a mixture of alkali-soluble resin [novolak resin 
or polyvinyl phenol) and a naphthoquinone dlazide de- 
rivative, and an ionizing radiation decompositive resist, 
bothof which are widely applied in a semiconductor pho- 
tolithography process, A general photosensitive wave- 
length of the alkaline developing positive photoresist 
ranges from 400 nm to 450 nm whk:h is different from 
that of the polymethyl isopropenyl ketone (PMIPK), 
however, the alkaline developing positive photoresist 
cannot actually be applied to form pattems of two layers 
because it is immediately dissolved in a developing so- 
lution of the PMIPK. 

[0028] On the other hand, a high-polymer compound 
composed of a methacrylate (methacrylate ester) such 
as polymethyl methaciylate (PMMA) or the like whteh is 
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one of ionizing radiation decomposiliwe resists is a pos- 
itive resist having absorption ability that reaches a peak 
in a photosensitive wavelength range of 220 nm or be- 
low, and by making it Into a melhacrylic copolymer com- 
posite including methacrylic acid as thermal crossli nked 5 
factors, non-exposed portion of thermally crosslinked 
film is hardly dissolved in a PN/IIPK developing solution, 
therefore this ionizing radiation decompositive resist 
may be applied lo form palierns of two layers. Accord- 
ingly, on this resist (P (MMA-MAA)), the resist layer »0 
(PIVIIPK) composed of the foregoing PMIPK is formed, 
and firstly the upper layer of PMIPK is exposed at a sec- 
ond wavelength range in the vicinity of 290 nm (260 nm 
to 330 nm) and is then developed, next the lower layer 
of PMMA is exposed to the ionizing radiation at a first 's 
wfavelenglh range (210 nm to 330 nm) and is then de- 
veloped, whereby two layers of an inic channel mold pat- 
tern may be fomned. 

[0029] A thermal crosslint<ing resist most preferable 
in the present invention is a methacrylate obtained by 
copolymerizing methacrylic acid as a crosslinlcing 
group. The methacrylate may include methyl methacr- 
ylate, butyl methacrylale, phenyl methacrylate, or the 
like. 

[0030] A copolymarization ratio of crosslinking com- ^5 
ponenls is preferably made suitable depending on a 
thickness of the low/er layer resist, and a copolymerized 
amount of methacrylic acid as a thermal crosslinking 
factor is desirably 2 to 30 wt%, and more preferably 2 
to 1 0 wt%. In addition, molecular weight of a methacrylic so 
copolymer of a methacrylate and methacrylic acid Is de- 
sirably 5,000 to 50,000. When the molecular weight be- 
comes larger , the solubility in a solvent on solvent coat- 
ing application becomes lower, and even when the dis- 
solving is satisfactory completed, a viscosity of ihe sol- 35 
vent itself exceedingly increases, thereby lowering the 
uniformity of thickness in a coating process by spin coat- 
ing. 

[0031] Furthermore, large molecular weight reduces 
dissolving efficiency to the ionizing radiation in a wave- *o 
length region from 210 nm to 330 nm which is the first 
wavelength range, and therefore requires large amount 
of exposure to form a desired pattern with a desired 
thickness and degrades developing performarwe rela- 
tive to a developing solution, resultirig in lowering accu- *s 
racy of a pattern to be formed. On the other hand, ex- 
tremely small molecular weight makes solubility in a sol- 
vent too high, and therefore considerably reduces vis- 
cosity of the solution, resulling In failing to form a desired 
thickness by spin coating. Accordingly, the desirable so 
molecular weight of the two-element, copolymer of the 
methacrylate and melhacrylic acid is 5,000 to 30,000. 
[0032] Note here that a methacrylic copolymer is 
made by dissolving the methaciylate and methacrylic 
acid in a polymerization catalyst such as toluene or xy- 55 
lene, and then heating it at temperature within a range 
from ambient temperature lo a boiling point of a usual 
polymerization catalyst in the presence of azo-based 



polymerization catalyst or a peroxide polymerization 
catalysl . The methacrylic copolymer used in Ihe present 
invention has a nature of being crosslinked when heat- 
ed, therefore it is preferable to potymerize at 60'C lo 
SO'C. 

[0033] In the following, a process flow of forming an 
ink channel according to the manufacturing method of 
the present invention will be described. 
[0034] FIGS. 1A, 1B, 1C, ID. IE, 1R and 1G show 
the mosl preferable process flow of when a thermal 
crosslinking positive resist is applied to a lower layer re- 
sist. FIGS 2A and 2B show^ a continuation of the proc- 
ess in FIG. 1 . 

[0035] As shown in FIG. 1 A, a thermal crosslinking 
positive resist layer 32 is coated on a substrate 31 and 
Is then baked, where general-purpose solvent coating 
such as spin coating or bar coating may be applied in 
coating. Also, baking temperature is performed prefer- 
ably at 1 60°C to 220''C where a thermal crosslinking re- 
action occurs, for 30 minutes to 2 hours. 
[0036] Nexl, as shown in FIG. IB, a positive resist lay- 
er 33 mainly containing PMIPK is coated on the thermal 
crosslinking positive resist and is then baked. Generally, 
a coaling solvent coated upon the coating of the upper 
layer of PU\PK helps the lower layer to be slightly dis- 
solved, and a compatible layer is thereby formed, how- 
ever the thermal crosslinking resist is employed in this 
constitution so that the compatible layer is not formed 
at all. 

[0037] Next, as shown in FIG. 1C, the PMIPK layer 
which Is the positive resist layer 33 is exposed where it 
is preferable lo use a cold mirror that satisfactorily re- 
flects light at wavelengths in the vicinity of 290 nm. For 
example, a IWlask Aligner UX-3000SC of USHIO INC. is 
applied wherein a cutoff filterforculting off light of wave- 
lengths of 260 nm or shorter is provided at a tip of an 
integrator including a net type lens, which allows trans- 
mission of only light of wavelengths from 260 nm to 330 
nm which is the second wavelength range as shown in 
FIG. 4. 

[0038] Next, as shown in FIG . 1 D , the upper resist lay- 
er 33 is developed where it is preferable to use methyl 
isobutyl ketone which is a developing solution for the 
PMfPK, however, any solvent is applicable if it does dis- 
solve exposed porttons of the PMIPK but not dissolve 
non-exposed portions. 

[0039] Next, as shown in FIG. 1 E, the lower layer of 
ihennal crosslinking positive resist layer 32 is exposed 
to light at wavelengths from 21 0 nm to 330 nm which is 
the first wavelength range shown in FIG. 5 without using 
the cutoff filter. At this time, the upper layer of PMIPK is 
not irradiated with light because of a photomask 37, and 
is therefore not sensitized. 

[0040] Next, -as shown in FIG. IF, the thermal 
crosslinking positive resist layer 32 is developed where 
it is preferable to use methyl isobutyl ketone which is the 
same as the developing solution used for the upper layer 
PIVIIPK. eliminating an affect of the developing solution 



7 



BNSCXXID: <EP 138012?A1J..> 



11 



EP 1 380 422 A1 



to the upper layer patterr*. 

[0041] Next, as shown in FIG. 1G, a liquid channel 
structure material 34 is coated so as to cover the lower 
layer of thermal crosslinking positive resist layer 32 and 
the upper layer of positive resist layer 33 where general- 
purpose solvent coating such as spin coating may be 
applied. 

[0042] The liquid channel stnjcture material used 
herein is preferably a material mainly containing an on- 
ium salt which is an epoxy resin in a solid state at a nor- 
mal temperature and which produces cation when Irra- 
diated with light. The liquid channel structure material 
has a negative property The details are described In 
Japanese Patent No. 3143307. 
[0043] More speclllcaliy, a catlonically polymerized 
cured epoxy resin offers excellent properties as a struc- 
ture material because it has higher crosslinking density 
(high Tg) compared with a cured product of acid anhy- 
dride or amine in a normal slate. Also, the use of the 
solid epoxy resin at normal temperature leads to the 
suppression of diffusion of polymerization initiator 
sources into the epoxy resin which are produced from 
a cationic polymerization initiator by light irradiation, 
which allows to obtain excel lont patterning accuracy and 
shape. 

[0044] Examples of the solid epoxy resin for use in the 
present invention include reaction products of bisphenol 
A and epichlorohydrin which have molecular weight 
equal to or greater than 900, reaction products of bro- 
mine-containing bisphenol A and epichlorohydrin, reac- 
tion products of phenolic novolak or o-cresol novolak 
and epichlorohydrin, and polylunctional epoxy resins 
having oxycyclohexaneskeleton described in the spec- 
ifications of Japanese Patent Application Laid-Open 
Nos 60-161973, 63-221121, 64-9216, and 2-140219. 
Needless to say, the epoxy resin In the present invention 
Is not restricted to these compounds. 
[0045] The epoxy resin used herein is preferably that 
with an epoxy equivalent of 2,000 or less, and more pref- 
erably 1 ,000 or less. An epoxy equivalent in excess of 
2,000 may lead to a decrease in the crosslinking density 
during the curing reaction, thereby lowering the Tg or 
heat distortion temperature of the cured product, or de- 
teriorating the adhesion or ink resistance. 
[0046] Examples of a cationic photo-polymerization 
Initiator for curing the epoxy resin include aromatic io- 
donium salts, aromatic sulfonium salts [see J. POLY- 
MER SCI: Symposium No. 56383-395 (1976)], SP-150 
and SP-170 marketed by Asahi Denka Co., Ltd., or the 
like. 

[0047] To the above-described composite, additives 
or the like may be suitably added as needed. For exam- 
ple, a flexibility-imparting agent is added for the purpose 

of lowing the elastic modulus of the epoxy resin, or a 
silane coupling agent is added for the purpose of further 
enhancing the adherence to the substrate. 
[0048] FIG. 2A shows a process of light irradiation orv 
to the liquid channel structure material. In which a pho- 



12 

tomask 38 Is applied to prevent the light irradiation to 
portions where ink discharge ports are formed. 
[0049] Next, as shown in FIG. 2B. pattern develop- 
ment of ink discharge ports 35 is performed to the pho- 
5 tosensitlve liquid channel structure material 34. In this 
pattern exposing, any general-purpose exposure device 
may be applicable. The development of the photosen- 
sitive liquid channel structure material is performed us- 
ing preferably an aromatic solvent such as xylene which 
10 does not dissolve PMIPK. 

[0050] Also, the coating of a water repellent coating 
film on the liquid channel structure material layer if de- 
sired to be coated is attained, as described in Japanese 
Patent Application Laid-Open 2000-32651 5, by forming 
15 a photosensitive water repellent layer, and exposing and 
developing it simultaneously. At this time, the photosen- 
sitive water repellent layer may be formed by laminating. 
[0051] Next, as shown in FIG. 2C, the ionizing radia- 
tion o1 300 nm wavelength or less is irradiated through 
the liquid channel structure material layer. This aims to 
decompose the PMIPK or crosslinking resist into low 
molecular weight compounds in order to enable easy 
removal. 

[0052] In the end, the positive resists 32 and 33 used 
as the mold are removed using a solvent. Consequently, 
a liquid channel 39 including a discharge chamber is 
formed as shown in FIG. 2D. 

[0053] By applying the above described processes, it 
is possible to impart variations in a height of the ink 
channel from an ink supply port to a heater. 
[0054] Such a process as described above allows the 
height of the ink channel from the ink supply port to the 
heater to be varied. The optimization ol the shape ol the 
ink channel from the ink supply port to the discharge 
chamber not only has strong relation with the speed of 
refilling Ink into the discharge chamber and also allows 
the reduction in cross-talk between the discharge cham- 
bers. The specification of U.S. Patent No. 4,882, 595 of 
Trueba et al. discloses the relation between the shape 
of the ink channel fonned with a photosensitive resist 
on a substrate in a two-dimensional direction parallel to 
the substrate, and the above property. On the other 
hand, Japanese Patent Applkiation Laid-Open No. 
10-291317 of Murthy et al. discloses a process of nna- 
chining a liquid channel structure plate made of resin by 
excimer laser in a three-dimensional directKjn including 
an in-plane direction and a height direction relative to a 
substrate in order to vary the height of the ink channel. 
[0055] The excimer laser machining, however, often 
cannot realize sufficient accuracy due to film expansion 
and the like caused by heat that is generated in machin- 
ing. Particularly, the machining accuracy of the excimer 
laser in a depth direction of a resin film is affected by 
illuminance distribution or stability of laser light, there- 
lore the accuracy sufficient to define the correlation be- 
tween the ink channel shape and the discharge property 
cannot be assured. Accordingly, Japanese Patent' Ap- 
plication Laid-Open No. 10-291317 does not have any 
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description of definite correlation between the height of 
the ink channel and the discharge property. 
[0056] The manufacturing method according to the 
present Invention is conducted by solvent coating such 
as spin coating or the like employed In a semiconductor 
manufacturing technology, whereby the height of the inl< 
channel may be formed stably in high accuracy Further- 
more, a shape in a two-dimensional direction parallel to 
a substrate may be formed with submicron accuracy by 
using a photolithography technique which is for a sem- 
iconductor process. 

[0057] By applying these methods, the inventor et al. 
of the present invention have studied the correlation be- 
tween the height of the ink channel and the discharge 
property and have reached the following invention. Re- 
ferring to FIGS. 6A to 9B, preferred embodiments of a 
liquid discharge head to which the manufacturing meth- 
od of the present invention is applied will be described 
below. 

[0058] A liquid discharge head In a first embodiment 
of the present invention is, as shown in FIG. 6A, is char- 
acterized in that a height of an ink channel from an end 
part 42 of an ink supply port 42 up to a discharge cham- 
ber 47 is lowered in a portion adjacent to the discharge 
chamber 47. 

[0059] FIG 6B shows a shape of an ink channel tor 
comparison with the first embodiment. The speed of re- 
filling ink into the discharge chamber 47 is accelerated 
because ink flow resistance can be reduced with in- 
creasing height of the ink channel from the ink supply 
port 42 to the discharge chamber 47. However, when 
the channel is made higher, discharge pressure es- 
capes to the ink supply port 42 side, which decreases 
energy efficiency and causes excessive crosstalk be- 
tween discharge chambers 47. 
[0060] Therefore, the height of the discharge cham- 
ber is designed In consideration of the above two prop- 
erties, whereupon the manufacturing method of the 
present invention Is applied, allowing the height of the 
ink channel to be varied. The ink channel shape shown 
in FIG. 6A may thus be realized. 
[0061] The head is so constituted as to reduce the ink 
flow resistance to thereby enable rapid refilling ol ink by 
having the ink channel made higherfromthe ink supply 
port 42 to the vicinity of the discharge chamber 47. Fur- 
thermore, the head is so constituted as to suppress the 
escape of energy generated in the discharge chamber 
47 to the Ink supply port 42 side to thereby prevent 
cross-talk by having the ink channel made lower In the 
vicinity of the discharge chamber 47. 
[0062] Next, a liquid discharge head in a second em- 
bodiment of the present invention is, as shown in FIG. 
7, is characterized In that a columnar dust trapping 
member (hereinafter referred to as a "nozzle filter") is 
provided in the middle of the ink channel. 
[0063] Particularly in FIG. 7A, nozzle filters 58 are 
formed so as not to reach a substrate 51. FIG. 78 shows 
nozzle filters 59 which are in contact with the substrate 



51 . Such nozzle filters 58 and 59 cause an increase of 
ink flow resistance and deceleration of the refilling 
speed of Ink into discharge chambers 57, However, ink 
discharge ports of an Ink jet head which realizes high 

5 quality image are extremely small, and if the above noz- 
zle fillers are not provided, the ink channel or discharge 
port Is clogged with dust or the like, and reliability of the 
Ink-jet head may considerably be impaired. 
[0064] According to the present invention, an Ink 

«o channel area can be made maximum without changing 
a distance between adjacent nozzle filters from the con- 
ventional one, so that dusts may be trapped while sup- 
pressing an increase of the ink flow resistance. This 
means that, even the columnar nozzle filters are provid- 

'5 ed in the liquid channel, the height of the ink channel is 
varied while preventing an increase of In Ink flow resist- 
ance. 

[0065] For example, In order to trap pieces of dust of 
over 1 0 urn diameter, a distance t>elween adjacent noz- 
zle filters may be set to 10 (im or less. Al this time, a 
column constituting the nozzle filler is preferably so de- 
signed as not to reach the substrate 51 as shown in FIG. 
7A, to thereby enhance a sectional area of the channel. 
[0066] Next, a liquid discharge head in a third cmbod- 

^5 iment of the present invention Is, as shown In FIG. 8A, 
is constituted so that the ink channel in a liquid channel 
structure material 65 that corresponds lo the center of 
an ink supply porl 62 is made lower than an ink channel 
portion corresponding to an opening edge part 62b of 

30 the ink supply port 62. FIG. SB shows an ink channel 
shape for comparison with the third embodiment. In the 
head structure described referring to FIG. 6A. when the 
height of the ink channel from the end part 42a of the 
ink supply port 42 to the discharge chamber 47 is in- 

35 creased, the liquid channel structure material 65 corre- 
sponding to the ink supply port 62 is thinned as shown 
in FIG. 88, which possil5ly impairs the reliability of the 
ink-jet head. For example, when paper jamming occurs 
during recording, it is conceivable that a membrane 

*o forming the liquid channel structure material 65 is torn 
thereby causing leakage of ink. 
[0067] However, in the manufacturing method of the 
present invention, as shown in FIG. 8A, the liquid chan- 
nel structure material 65 corresponding to the almost 

-'s entire portion of the opening of the Ink supply port 62 is 
made thick, and the channel height is raised in only a 
portion corresponding to the vicinity of the opening edge 
part 62b of the Ink supply port 62 necessary for ink sup- 
ply, thereby avoiding the above adverse effect. A dis- 

50 tance from the ink supply port opening edge 62b in the 
portion where the channel height is raised by the liquid 
channel structure material 65 is determined depending 
on a discharge amount of a designed ink-jet head or ink 
viscosity, and is preferably 1 0 p.m to 1 00 fim In general. 

55 [0068] Next, a liquid discharge head In a fourth em- 
bodiment of the present invention is, as shown in FIG. 
9A, characterized in that a discharge port shape of a 
discharge chamber 77 has a protruding sectional form. 
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FIG. 9B is a discharge port shape of a discharge cham- 
ber for comparisort with the fourth emboditnenl. The ink 
discharge energy changes depending on ink flow resist- 
ance defined by the shape of Ihe discharge port in an 
upper part of a heater. In the conventional manufactur- s 
Ing method, the shape of the discharge port is formed 
by patterning of the liquid channel structure material, 
and thus has a form in which a discharge port pattern 
fonried on a mask Is projected. Therefore, Ihe discharge 
port is formed through the liquid channel structure ma- 
terial with basically having the same area as a discharge 
port opening area on the liquid channel structure mate- 
rial surface. 

[0069] However, in the manufacturing method of the 
present Invention, by differentiating pattern shapes in 
the lower and upper layer materials, the discharge port 
of the discharge chamber 77 may be formed into a pro- 
trusion shape. This effectively accelerates the dis- 
charge speed and enhances a rectilinear advance prop- 
erty, leading to the provision of a recording liead capable 
of high Image quality recording. 

Embodiments 

[0070] The present invention will be described in de- 
tail below with reference to drawings. 

(First Embodiment) 

[0071 ] Each of FIGS. 1 0 to 1 9 shows a structure of a 

liquid jet recording head according to the present inven- 
tion and an example of a manufacturing procedure of 
such a head. In this embodimcnl, the relation between 
upper and lower layers of a first positive photosensitive 
material layer and a second positive photosensitive ma- 
terial layer Is schematically illustrated by these main por- 
tions and other speclfk: structures are appropriately 
omitted. 

[0072] In this embodiment, a liquid jet recording head 
having two orifices (discharge ports) is described, but 
the same is of course applicable to the case of a high 
density multi-array liquid jet recording head having more 
orifices than those mentioned herein. 
[0073] In this embodiment, a substrate 201 made of 
a glass, ceramics, plastic, or metal is used as shown in 
FIG. 10, for example. FIG. 1 0 Is a schematic perspective 
view of the substrate before forming the photosensitive 
material iayer. 

[0074] Such a substrate 201 serves as a part of a wall 
member of a liquid channel, and is usable without any 
particular limit to its shape, material, and the like as tong 
as the substrate is functional as a supporting member 
of a liquid channel structure made of a photosensitive 
material layer which will be described later. On the 
above mentioned substrate 201 , a desired number of 
liquid discharge energy generating elements 202 such 
as an electrothermal transducer or piezoelectric ele- 
ment are arranged (in FIG. 10, two are represented). By 



16 

means of the liquid discharge energy generating ele- 
ments 202, discharge energy is exerted to a recording 
liquid to discharge recording droplets for recording. 
[0075] Here, for example, when the electrolhemial 
transducers are used as the above described liquid dis- 
charge energy generating elements 202, the transduc- 
ers heal the recording liquid in the vicinity thereof to gen- 
erate the discharge energy. Also if, for example, the pi- 
ezoelectric elements are used, these elements gener- 
ate the discharge energy by the mechanical vibration 
thereof. 

[0076] In this respect, electrodes (not shown) input- 
ting control signals for driving these elements are con- 
nected to the elements 202. Also in general, for the pur- 
pose of improving the durability of these discharge en- 
ergy generating elements 202, various functional layers 
are provided including a protective layer. It is allowed 
also In Ihe present Invention to provide such functional 
layers. 

[0077] In most general cases, silicon is used for the 
substrate 201 . That is, a driver, logic circuit, or the like 
for controlling discharge energy generating elements 
are produced in a general semiconductor manufacturing 
method, therefore it is preferable to apply silicon to tho 
substrate. Furthermore, it is also possible to apply a 
technique such as YAG laser or sand blasting to a meth- 
od forforming a through hole for ink supply on the silicon 
substrate. 

[0078] However, when a thermal crossilnking resist is 
applied to the lower layer material, pre-baking temper- 
ature ol this resist is extremely high as described above 
and far exceeds glass transition temperature of a resin. 
As a result, the resin coaling film runs into the through 
hole during pre-baking. Therefore, it is preferable that 
the through hole is not yet formed on the substrate upon 
resist coating. 

[0079] To a method therefor, an anisotropic etching 
technique for silicon using an alkaline solution may be 
applied. In this case, a mask pattern is fonned on a rear 
face of the substrate by using alkali-resistant silicon ni- 
tride or the lil<e, and a membrane film serving as an etch- 
ing stopper is formed on a right face of the substrate 
using the same material. 

[0080] Next, as shown in FIG. 11 , a crossilnking pos- 
itive resist layer 203 is formed on the substrate 201 in- 
cluding Ihe liquid discharge energy generating elements 
202. The material of the crosslinking posilive resist layer 
203 is a copolymer of methyl methacrylate and meth- 
acrylic acid (represented by P(MMA-IVIAA)) in a ratio of 
90:10 v/here weight average molecular weight (Mw) Is 
33,000, number average molecular weight (Mn) is 
14,000, and dispcrsity (Mw/Mn) Is 2.36. 
[0081] FIGS. 22A and 22B show herein a difference 
of absorption spectrums between P(MMA-MAA) which 
is the thermal crosslinking positive resist forming the 
lower layer and PMIPK which is the positive resist form- 
ing the upper layer. As shown in FIGS. 22A and 228, by 
selectively changing a wavelength range upon expo- 
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sure in accordance with the ditference in Ihe absorption 
spectrums between mo materialsforming the upper and 
lower layers, a nnold resist pattern having a protrusion 
shape may be formed. Resin particles of the above ma- 
terial are dissolved in Cyclohexanone ol 30 wt% density 
and the resultant is used as a resist liquid. The resist 
liquid is coaled on the substrate 201 by spin coaling, 
and is prebaked at aoO'C lor 60 minutes in an oven, 
then is made crosslinked. The thickness of a resuAani 
coated film Is 10 m"^- 

[0082] Next, as shown in FIG. 12. a PMIPK positive 
resist layer 204 is coaled on the thermal crosslinking 
positive resist layer 203. The PMIPK is used at resin 
density of 20 wt% which is adjusted by ODUR-1010 
marketed by Tokyo Ohka Kogyo Co., Ltd. The pre-bak- 
ing is performed on a hot plate at IZCC for 6 minutes. 
The thickness of 10 nm of a resultant coated film is ob- 
tained. 

[0083] Next, as shown in FIG. 13, the PMIPK positive 
resist layer 204 is exposed using as an exposure device, 
the Deep UV exposure device: UX-3000SC of Ushio 
I nc. , by attaching thereto a cutoff filler for cutting off light 
at wavelength 260 nm or shorter, in a wavelength range 
of 60 nm to 330 nm whfch is the second wavelength 
range as shown in FIG. 4. An exposure amount is set to 
10 J/cm2. The PIWIPK is irradiated with an ionizing radi- 
ation through a photo mask 20S on which a desired pat- 
tern is drawn. 

[0084J Next, as shown in FIG. 1 4, the PMIPK positive 
resist layer 204 is developed for pattern fonning by im- 
mersing it into methyl isobutyl ketone for 1 minute. 
[0085] Next, as shown in FIG, 15, the lower layer of 
the thennal crosslinking positive resist layer 203 is sub- 
jected to patterning (exposure and development). The 
same exposure device is used lor exposing that is per- 
formed in a wavelength range of 210 nm to 330 nm 
which is the first wavelength range as shown in FIG. 5. 
An exposure amount Is set to 35 J/cm^, and methyl iso- 
butyl ketone is used for developing. The exposing is 
conducted by irradiating an ionizing irradiation onto the 
thermal crosslinking positive resist through a photo 
mask (not shown) on which a desired pattern is drawn. 
At this time, the upper layer of the PMIPK pattern is re- 
duced due to diffracted light from the mask, so that the 
PMIPK remaining portion is designed in consideration 
of such reduction. Of course, when an exposure device 
provided wllh a projection optical system which is not 
affected by such diffracted light is used, there is no need 
to design the mask taking the reduction into considera- 
tion. 

[0086] Next, as shown in FIG. 1 6, a layer of a liquid 
channel structure material 207 is formed so as to cover 
the patterned lower layer of the thermal crosslinking 

positive resist layer 203 and the upper layer of the pos- 
itive resist layer 204. The material of this liquid channel 
structure material layer 207 is produced by dissolving 
EHPE-3150 (SCpts.) marketed by Daicel Chemkial In- 
dustries. Ltd., a cationic photo-polymerization initiator 



SP-172 (Ipt. marketed by Asahi Denka Co., Ltd., and a 
silane coupling agent A-187 (2.5pls.) marketed by Ni- 
honunica Corporalron, into xylene (50pts.) used as a 
coating solvent. 

5 [0087] The coating of the liquid channel structure ma- 
terial 207 is conducted by spin coaling, and the pre-bak- 
Ing is performed on a hot plate at 90°C for 3 minutes. 
[0088] Nexl, pattern exposure and developing are 
preformed to form ink discharge ports 209 in the liquid 

10 channel structure material 207 at which time any gen- 
eral-purpose exposure device may be applicable. Al- 
though not shown, a mask is used which prevents light 
irradiation onto a portion to be the ink discharge port 
upon the exposure. The Canon fvlask Aligner MPA-600 

15 Super is used for exposing, and an exposure amount is 
set to 500 mJ/cm2. The developing is performed by im- 
mersing into xylene for 60 seconds, followed by baking 
at 100°C for 1 hour, in order to enhance adherence of 
Ihe liquid channel structure material. 

20 [0089] Subsequently, although not shown, cydized 
isoprene is coaled on the liquid channel structure ma- 
terial layer in order to proieci the material layer from al- 
kaline solution. As a material of this cyclized isoprene, 
used is a material named as OBC marketed by Tokyo 

2S Ohka Kogyo Co. , Ltd. Then , this silicone substrate Is im- 
mersed into a tetramethy lammonium hydroxide (TMAH) 
solution of 22 wt% at 83°C for 14.5 hours to form a 
through hole for ink supply (not shown). Also, the silicon 
nitride used as a mask and membrane for forming ink 

30 supply holes is preliminarily patterned on the substrate. 
After such anisotropic etching, the silicon substrate Is 
attached into a dry etching device so that its rear faces 
up, and a membrane film is removed by etchant pre- 
pared by mixing CF4 with oxygen of 5% density. Next, 

35 the silicon substrate is immersed into xylene to remove 
the OBC. 

[0090] Next, as shown in FIG. 1 7, the liquid channel 
structure material 207 is entirely irradiated with an ion- 
izing radiation in a wavelength range from 210 nm to 

40 330 nm using a low voltage mercury lamp to decompose 
the upper layer of the PMIPK positive resist and the low- 
er layer of the thermal crosslinking positive resist. An 
irradiation annount is set to 81 J/cm^. 
[0091] Subsequently, the substrate 201 is immersed 

15 m methyl lactate to remove a mold resist all together as 
shown by the longitudinal sectional view in FIG. 18. At 
this time, the substrate 201 is set in a mega sonk: cell 
of 200 MHz for reduction of elution time. As a result, an 
ink channel 211 including discharge chambers is 

so formed, and an ink discharge element is thus manufac- 
tured which has a structure in which Ihe ink is guided 
from the ink supply ports 210 to each discharge cham- 
berthrough each Ink channel 211 andthen is discharged 
from the discharge potts 209 by heaters. 

55 [0092] The discharge element thus manufactured is 
implemented to an ink-jet head unit having a constitution 
shown in FIG. 19 whose discharge and recording eval- 
uation provides excellent image recording status. The 
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conslitution of the ink-jet head unit is, as shown in FIG. 
19, is so designed, (or example, that a TAB film 214 (or 
exchanging recording signals with a main body of a re- 
cording apparatus Is provided on an outer face o( a hold- 
ing member detachably holding an ink tank 213 and that 
an ink discharge element 212 is connected to electric 
wirings via electrical connection leads 215 on the TAB 
film 214. 

(Second Embodiment) 

[0093] The ink-jet head with the structure shown in 
FIG. 6A that is manufactured according to the manufac- 
turing method in the first embodiment will be described 
below. 

[0094] In this embodiment, as shown in FIGS. 20A 
and 20B, tlie ink-jet head is constituted so that a hori- 
zontal distance between an opening edge part 42a of 
the ink supply port 42 and an end pari 47a of Lhe dis- 
charge chamber 47 on the ink supply port side is 100 
iim. An ink channel wall 46 is formed as far as a portion 
of 60p.m from the end part 47a of the discharge chamber 
47 on the ink supply port side toward the ink supply port 
42 side so as (o divide each discharge element. Further- 
more, a height of the ink channel is 10 iim in a region of 
1 0 iim from the end part 47a of the discharge chamber 
47 on the ink supply port 42 side toward the ink supply 
port 42 side, and in a region other than that, the height 
is 20 iim. A distance from the surface of the substrate 
41 to that of the liquid channel structure material 45 is 
26 pm. 

[0095] FIG. 20B shows a cross section of an ink-jet 
head manufactured according to the conventional man- 
ufacturing method, wherein the ink head is constituted 
so as to have a 15 ^m-high ink channel in its entire por- 
tion. 

[0096] (Measurement of refilling speed of ink after ink 
discharge by each head in FIGS. 20A and 208 provides 
results of 45usec. in the channel structure of FIG. 20A 

and 25|.isec. in the channel structure of FIG. 208, which 
proves that the ink-jet head manufactured according to 
the method of the present invention provides extremely 
high speed of ink refilling. 

(Third Embodiment) 

[0097] The ink-jet head with the nori]e fillers shown 
in FIG. 7A that is manufactured according to the manu- 
facturing method in the first ennbodiment will be de- 
scribed below. 

[0098] Referring to FIG. 7A, the nozzle filters 58 are 
formed into a columnar shape of 3 um diameter at a po- 
silion 20 iim apart from an opening edge part of the ink 
supply port 52 toward the discharge chamber 57 side. 
A distance between columns constituting both nozzle fil- 
ters is 1 0 um. The nozzle filters 59 shown in FIG 76 are 
formed into the same shape in the same positions as 
those in this embodiment, but differ in that they reach 



the substrate 51 . 

[0099] IMcasuremenI of refilling speed of ink after ink 
discharge for each experimental head shown in FIGS. 
7A and 78 provides results of 58 (isec. in the filter struc- 
5 lure of FIG. 7A and 65 .usee, in the filter structure of FIG. 
78. This means thai the ink-jel head having the consti- 
tution shown in FIG. 7A allows the reduction in refilling 
speed of ink. 



[0100] The ink-jet head with the structure shown in 
FIG. 8A that is manufactured by way of experiment ac- 
cording to the manufacturing method in the first embod- 

>5 iment will be described below. 

[0101] Referring to FIG. 8A, the ink channel corre- 
sponding to the ink supply port 62 is made higher as far 
as a portion of 30 pm from the opening edge part 62b 
of lhe ink supply port 62 toward a direction of the center 

20 of the ink supply pori, and the thickness of the liquid 
channel structure malerial is 5 [im. A height of the ink 
channel corresponding to the ink supply poil 62 which 
is other than the above portion is so designed that the 
thickness of the liquid chsnnol structure material 65 may 
be 16 um. The ink supply port 62 is 200 um wide, and 
14 mm long. 

[01 02] In a head shown in FIG. 8B, the thickness of a 
portion corresponding to the ink supply port 62 in the 
liquid channel structure material 65 is 6 pm. 

30 [0103] A drop test from a height of 90cm for each ex- 
perimentally manufactured head in FIGS. 8A and 8B 
provides results that the nine out of ten heads having 
the structure in FIG. SB develop cracks in the liquid 
channel structure material 65, on the other hand no 

35 cracks Is found in all ten heads having the structure in 
FIG. 8A. 

(Fifth Embodiment) 

40 [0104] The ink-jel head with the structure shown in 
FIG. 9A that is manufactured by way of experiment ac- 
cording to the manufacturing method in the first embod- 
iment will be described below. 
[01 05] In this embodiment, as shown In FIG. 21 A, the 

IS discharge chamber 77 is so constituted as to have a rec- 
tangular part having a square of 25 irm side and a height 
of 10 Lim which is formed by the lower layer resist, an- 
other rectangular part having a square of 20 jim side 
and a height of lOum which is formed by the upper layer 

so resist, and a round hole of 15 um diameter which is the 
discharge port. A distance from a heater 73 to an open- 
ing face of the discharge port 74 is 26 p.m. 
[0106] FIG. 21B shows a sectional shape of the dis- 
charge port of the head manufactured according to the 

55 manufacturing method of the present invention, where 
the discharge chamber has a rectangular shape having 
a square of 20 pm and a height of 20 pm. The discharge 
port 74 is formed into a round hole of 15 um diameter. 
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[0107] Compared disMiharge properties ot each head 
shown in FIGS. 21 A and 21 B with eacli oilier, Ihe head 
shown in FIG. 21A provides, when a discbarge amount 
is set to 3ng. results ol discharge speed ol 15 m/sec. 
and hilling (do! placement) accuracy of 3 iinn in a posi- 
tion 1 mm apart from Ihe discharge port 74 in a dis- 
charge direction. The head shown in FIG. 218 provides, 
when a discharge amount is set to Sng as well, results 
ot discharge speed of 9 m/sec. and hitting accuracy of 
5 urn. 

[01 08] According to the present invention, the follow- 
ing advantages are provided. 

1) The main process for manufacturing a liquid dis- 
charge head is based on a photolithograph/ tech- 
nique using a photoresist, photosensitive dry film, 
or the lil<e, so that a minute portion of a liquid chan- 
nel structure in the liquid discharge head may be 
extremely easily lormed in a desired pattern, and a 
number of liquid discharge heads having the same 
structure may easily be machined simultaneously. 

2) The height of a liquid channel may be varied par- 
tially which enables to provide a liquid discharge 
head capable of immediately refilling ink and re- 
cording at high speed. 

3) The thickness of a liquid channel structure mate- 
rial layer may be changed partially, which enables 
to provide a liquid discharge head with high me- 
chanical strength. 

4) A liquid discharge head that provides high dis- 
charge speed and high hitting accuracy may be 
manulactured, so that recording of high image qual- 
ity is achieved. 

5) A liquid discharge head with high densily-multi 
array nozzles may be obtained by simple means. 

6) The height of a liquid channel, and the length of 
an orifice part (discharge port portion) may easily 
and accurately be controlled by changing the coat- 
ing thickness of a resist film. 

7) By applying a tiien-nal crosslinking positive resist, 
process conditions that provides extremely high 
process margin may be set and thus the liquid dis- 
charge head Is manufactured in excellent yield. 

Claims 

1 . A method of manufacturing a microstructure, com- 
prising: a step of forming a thermally crosslinked 
first positive photosensitive material layer on a sub- 
strate, a step of forming on the first positive photo- 
sensitive material layer a second positive photosen- 
sitive material layer different from the first positive 
photosensitive material layer in a photosensitive 
wavelength range, a step of firstly forming a pattern 
on the second positive photosensitive material layer 
by decomposing and then developing only a de- 
sired area in the second positive photosensitive ma- 



terial layer, and a step ol secondly forming a pattern 
different from that formed on the second positive 
photosensitive material layer on the first positive 
photosensitive material layer by decomposing and 
5 then developing a predetermined area in the first 
positive photosensitive material layer, 
wherein 

the first positive photosensitive material layer 
to is an ionizing radiation decompositive positive 

resist composed of a melhacrylic copolymer 
composite mainly containing a methacrylate 
and also containing melhacrylic acid as a ther- 
mal crosslinking factor, where a methacrylic ac- 
ts id unit is 2 to 30 wt% and copolymer molecular 
weight is 5,000 to 50,000, and 
the second positive photosensitive material lay- 
er is an Ionizing radiation decompositive posi- 
tive lesist which mainly contains polymethyl 
?o isopropenyl ketone. 

2. The method of manufacturing the microstructure 
according to Claim 1 , wherein the melhacrylic co- 
polymer composite is formed by radical polymoriza- 

55 tion. 

3. The method of manufacturing the microstructure 
according to Claim 2, wherein the lirsi positive pho- 
tosensitive material layer is thernnally crosslinked 

30 by dehydration reaction. 

4. A method of manufacturing a liquid discharge head 
comprising a step of forming a moid pattern by a 
removable resin in a liquid channel forming portion 

35 on a substrate on which is formed a liquid discharge 
energy generating element, arrd a step of coating 
and then curing a coaling resin layer on the sub- 
strate so as to coat the moid pattern to forni a liquid 
channel by dissolving away the mold pattern, 

40 wherein the step of forming the mold pattern 

successively comprises: 

astep of formingon the substrate afirst positive 
photosensitive material layer thermally 
45 crosslinkGd by means of a thermal crosslinking 

reaction; 

a step ol forming on the first positive photosen- 
sitive material layer a second positive photo- 
sensitive material layer dilferent from the first 
50 positive photosensitive in a photosensitive 

wavelength range: 

a step of forming a desired pattern on Ihe sec- 
ond positive photosensitive material layer by 
decomposing and then developing only a de- 
55 sired pattern on the second positive photosen- 

sitive material layer by means of an ionizing ra- 
diation for exposing the second positive photo- 
sensitive material layer onto the substrate on 
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which two layers ot the positive photosensitive 
material layers arc loimed; and 
a slepof forming another desired pattern on the 
first posilive photosensitive material layer by 
decomposing and then developing a predeter- s 
mined area on the first positive photosensitive 
material layer by means of an ionizing radiation 
for exposing the first positive photosensitive 
material layer onto the substrate on which the 
desired pattern is fomied on the second posi- lo 
five photosensitive material layer and 
the first positive photosensitive material layer 
is an ionizing radiation decompositive positive 
resist composed of a methacrylic copolymer 
composite mainly containing a methacrylate 
and also containing methacrylic acid as a ther- 
mal crosslinking factor, where a methacrylic ac- 
id unit is 2 to 30 wt% and copolymer molecular 
weigh! is 5,000 lo 50.000, and 
the second posilive photosensitive material lay- so 
er is an ionizing radiation decompositive posi- 
tive resist which mainly contains polymethyl 
isopropenyl ketone. 

5. The method of manufacturing the liquid discharge 2S 
head according to Claim 4, further comprising: 



wherein Ihe columnar member lor trapping dust 
which Is formed In the liquid channel does not reach 
the substrate. 

9. The liquid discharge head according to Claim 7, 
wherein a liquid supply port commonly connected 
to each of the liquid channels are fomned in the sub- 
strate, and a height ol the liquid channel in a center 
portion of the liquid supply port Is lower than that of 
the liquid channel in an opening edge portion of the 
liquid supply port. 

10. The liquid discharge head according to Claim 7, 
wherein a sectional shape of a bubble generating 
chamber provided above a liquid discharge energy 
generating element has a protruded form. 

11. An ink-jet head including therein the liquid dis- 
charge head according to any one of Claims 7 lo 1 0 . 



a step of coating a negative photosensitive 
coating resin film on the patterned first positive 
photosensitive material layer and second pos- 30 
Itive photosensitive material layer: 
a step of forming a discharge port portion by 
exposing and then developing a pattern includ- 
ing a discharge port communicated with the liq- 
uid cliannel of the negative photosensitive 35 
coating resin film; 

a step of decomposing the first positive photo- 
sensitive material layer and the second posilive 
photosensitive material layer by irradiating an 
ionization radiation onto the first and second 
positive photosensitive material layers at a 
wavelength range in which decomposition re- 
action occurs in the both first and second pos- 
itive photosensitive material layers; and 
a step of forming the liquid channel by immers- -^s 
ing the substrate into an organic solvent to dis- 
solve away the first and second positive photo- 
sensitive material layers. 



6. A liquid discharge head obtained by the method of so 
manufacturing according to Claim 4. 

7. The liquid discharge head according to Claim 6, 
wherein a columnar member for (rapping dust is 
formed of a material composing the liquid channel 55 
in the middle of the liquid channel. 



8. The liquid discharge head according to Claim 7, 
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